In digital terrestrial TV broadcasting is necessary to periodically monitor the quality of the digital signal in monitoring systems for digital television transmitters. Research in this area signals the following fact. During the normal operation of the transmitter, its MER should not fall below 35 dBm / µV. However, there are cases when, at the nominal MER level, there is no television image. This is due to GPS desynchronization of the reference signal of the transmitter, and it directly affects the final image on the television receiver. To establish this fact, it is necessary to analyze the image of the star chart of the OFDM signal. The proposed method allows to assess the level of noise immunity based on the images of the constellations COFDM. This method can be used to assess the quality of the final television image in the digital terrestrial TV broadcasting.
Introduction
It is decided to measure the number of basic parameters for the estimation of digital on-air broadcasting systems (DTV) quality. First of all, one needs to understand whether the signal strength at the receiver is sufficient, because signal reception quality directly depends of it. If the level is low, it means that there is no reliable reception, therefore, there is no sound and image. One of the important parameters of digital systems is MER (Modulation Error Ratio) which can be correlated with the signal/noise ratio in analog communication systems. Third parameter is BER (Bit Error Ratio). It describes the frequency of occurrence of mistakenly recovered bits in the demodulated data stream and for DVB standard. The last parameter is the constellation diagram which is a graph of symbol arrangement on the amplitude-phase plane formed by the accumulation in a definite time. Usually, the diagram is seen as a qualitative rather than a quantitative parameter, allowing estimating the nature of the RF input signal distortion [1] . We will about it in detail.
Aim of research
Development of a method for indirect estimation of the noise immunity level in digital on-air broadcasting systems.
Tasks of research 1. To develop a method for indirect estimation of noise immunity level in digital on-air broadcasting systems based on the constellation diagram image processing.
2. To assess the accuracy of the developed method.
Proposed approach
To achieve the aims and do the tasks of the research, the experimental measurements are carried out using a special measuring complex (figure 1). The measuring complex is designed to control and measure variables of the digital terrestrial signal DVB-T2. For data transmission, the MPEG-TS transport stream with a bit rate of 22,394,118 bps is used. The overview of known methods for image parameters estimation [3] and noise immunity of DTV systems [4, 5] suggests the following.The settings of first multiplex broadcasting transmitter in the city of Tomsk clocked at 474 MHz are used as the DVB-T2 transmission parameters (table 1, figure 3). Table 1 Transmitter options Figure 4 shows a fragment of the constellation diagram that is used for indirect estimation of DTV broadcasting system's noise immunity. It is decided to select an image area of 94x94 pixels. These results (figure 8) correlate with the results of MER measurement in the laboratory conditions. Precision of indirect measurements is not worse than the precision of the direct measurements. The given method may be used to estimate the quality of on-air DTV systems as well as to improve the possibilities of inspection devices that are used in television broadcasting.
The position of the I/Q modulator in the circuit can vary depending on how the DVB-T2 modulator is implemented in practice. The COFDM modulation is preceded by the channel coding, the error correction which is similar in DVB-T2 as in DVB-S satellite transmission. If the deviations are too large, the decision thresholds will be exceeded, and bit errors are produced. However, the deviations from the decision field center can also be measurement parameters for the size of any interference quantity.
Conclusions
What is the object of an artificial measurement parameter like the modulation error ratio? The MER measurement assumes that the actual hits in the constellation fields were pushed out of the center of the respective field by the interference quantities (figure 9).
The interference quantities were given error vectors and the error vector points from the center of the constellation field to the point of the actual hit in the constellation field. Then the lengths of all these error vectors were measured against time in each constellation field and the quadratic mean was formed or the maximum peak value was acquired in a time window [8] . This work has an applied character, its results are used in TV broadcasting. 
